We have proved a generalized Presic-Hardy-Rogers contraction principle and Ciric-Presic type contraction principle for two mappings in a b-metric space. As an application, we derive some convergence results for a class of nonlinear matrix equations. Numerical experiments are also presented to illustrate the convergence algorithms.
Introduction
There appears in literature several generalizations of the famous Banach contraction principle. One such generalization was given by Presic 
where x  , x  , . . . , x k+ are arbitrary elements in X and q  , q  , . . . , q k are nonnegative constants such that q  +q  +· · ·+q k < . Then there exists some x ∈ X such that x = T(x, x, . . . , x). Moreover, if x  , x  , . . . , x k are arbitrary points in X and for n ∈ N , x n+k = T(x n , x n+ , . . . , x n+k- ), then the sequence x n is convergent and lim x n = T(lim x n , lim x n , . . . , lim x n ).
Note that for k =  the above theorem reduces to the well-known Banach contraction principle. Ciric and Presic [] generalizing the above theorem proved the following. where x  , x  , . . . , x k+ are arbitrary elements in X and λ ∈ (, ). Then there exists some x ∈ X such that x = T(x, x, . . . , x). Moreover, if x  , x  , . . . , x k are arbitrary points in X and for n ∈ N , x n+k = T(x n , x n+ , . . . , x n+k- ), then the sequence x n is convergent and lim x n = T(lim x n , lim x n , . . . , lim x n ).
If in addition T satisfies D(T(u, u, . . . , u), T(v, v, . . . , v)) < d(u, v)
for all u, v ∈ X, then x is the unique point satisfying x = T(x, x, . . . , x).
In [, ] Pacurar gave a classic generalization of the above results. Later the above results were further extended and generalized by many authors (see [-] ). Generalizing the concept of metric space, Bakhtin [] introduced the concept of b-metric space which is not necessarily Hausdorff and proved the Banach contraction principle in the setting of a b-metric space. Since then several papers have dealt with fixed point theory or the variational principle for single-valued and multi-valued operators in b-metric spaces (see [-] and the references therein). In this paper we have proved common fixed point theorems for the generalized Presic-Hardy-Rogers contraction and Ciric-Presic contraction for two mappings in a b-metric space. Our results extend and generalize many wellknown results. As an application, we have derived some convergence results for a class of nonlinear matrix equations. Numerical experiments are also presented to illustrate the convergence algorithms.
Preliminaries
Definition . [] Let X be a nonempty set and
Convergence, Cauchy sequence and completeness in b-metric space are defined as follows.
Definition . []
Let (X, d) be a b-metric space, {x n } be a sequence in X and x ∈ X. Then:
(a) The sequence {x n } is said to be convergent in (X, d), and it converges to x if for every ε >  there exists n  ∈ N such that d(x n , x) < ε for all n > n  , and this fact is represented by lim n→∞ x n = x or x n → x as n → ∞. (b) The sequence {x n } is said to be Cauchy sequence in
) is said to be a complete b-metric space if every Cauchy sequence in X converges to some x ∈ X.
) be a metric space, k be a positive integer, T : X k → X and f : X → X be mappings.
(a) An element x ∈ X is said to be a coincidence point of f and T if and only if
, then we say that x is a common fixed point of f and T. If w = f (x) = T(x, x, . . . , x), then w is called a point of coincidence of f and T. 
, then y is the unique common fixed point of f and g.
Main results
Throughout this paper we assume that the b-metric d :
For any positive integer k, let f : X k → X and g : X → X be mappings satisfying the following conditions: 
. . , x n- ) = Fx n- converges to the common fixed point of f and g.
and so there exists
. Continuing this process we define the sequence y n in g(X) as
Then we have
Using (.) we get
i.e., 
Again, interchanging the role of x n and x n+ and repeating the above process, we obtain ( -
. Thus we have
We will show that λ <  and sλ < . We have
and so λ < . We also have sA + sB + sF + s(C + E) = s(A + B + F + C + E) <  (proved above) and
and so sλ < . Thus, for all n, p ∈ N ,
Thus {gx n } is a Cauchy sequence. By completeness of g(X), there exists u ∈ X such that lim n→∞ gx n = u and there exists p ∈ X such that g(p) = u.
We shall show that u is the fixed point of f and g. Using a similar process as the one used in the calculation of d n+ , we obtain 
As A + C + E + F < , we obtain from the above inequality that d(u, u ) = , that is, u = u . Thus the point of coincidence u is unique. Further, if f and g are weakly compatible, then by Lemma ., u is the unique common fixed point of f and g.
Remark . Taking s = , g = I and θ (t  , t  , t  , t  ) =  in Theorem ., we get Theorem  of Shukla et al. [].

Remark . For s
Remark . For s = , g = I, β ij = , ∀i, j ∈ {, , . . . , k + } and θ (t  , t  , t  , t  ) = min{(t  , t  , t  , t  )}, we obtain the result of Pacurar [] . Next we prove a generalized Ciric-Presic type fixed point theorem in a b-metric space. Consider a function φ : 
for all u, v ∈ X. Then f and g have a coincidence point, i.e., C(f , g) = ∅. In addition, if f and g are weakly compatible, then f and g have a unique common fixed point. Moreover, for any x  ∈ X, the sequence {y n } defined by y n = g(x n ) = f (x n , x n+ , . . . , x n+k- ) converges to the common fixed point of f and g.
where θ = λ  k . By (.) we define the sequence y n in g(X) as y n = gx n for n = , , . . . , k and
. By the method of mathematical induction, we will prove that
Clearly, by the definition of R, (.) is true for n = , , . . . , k. Let the k inequalities α n ≤ Rθ n , α n+ ≤ Rθ n+ , . . . , α n+k- ≤ Rθ n+k- be the induction hypothesis. Then we have
Thus the inductive proof of (.) is complete. Now, for n, p ∈ N , we have
Hence the sequence y n is a Cauchy sequence in g(X) and since g(X) is complete, there exist v, u ∈ X such that lim n→∞ y n = v = g(u),
Taking the limit when n tends to infinity, we obtain
. Since g and f are weakly compatible, g(f (u, u, . . . , u)) = f (gu, gu, gu, . . . , gu). By (.) we have that
implies d(ggu, gu) =  and so ggu = gu. Hence we have gu = ggu = g(f (u, u, . . . , u)) = f (gu, gu, gu, . . . , gu), i.e., gu is a common fixed point of g and f , and lim n→∞ y n = g(u). Now suppose that x, y are two fixed points of g and f . Then
y).
This implies x = y. Hence the common fixed point is unique. u, u, . . . , u)) = f (gu, gu, gu, . . . , gu). By (.) we have
<  implies d(ggu, gu) =  and so ggu = gu. Hence we have gu = ggu = g(f (u, u, . . . , u)) = f (gu, gu, gu, . . . , gu), i.e., gu is a common fixed point of g and f , and lim n→∞ y n = g (u) . Now suppose that x, y are two fixed points of g and f . Then 
This implies x = y. Hence the common fixed point is unique.
on X with s = . Let f : X  → X and g : X → X be defined as follows:
We will prove that f and g satisfy condition (.): 
Application to matrix equation
In this section we have applied Theorem . to study the existence of solutions of the nonlinear matrix equation
where Q is an n × n positive semidefinite matrix and A i 's are nonsingular n × n matrices, or Q is an n × n positive definite matrix and A i 's are arbitrary n × n matrices, and a positive 
for any nonsingular matrix M. One remarkable and useful result is the nonpositive curvature property of the Thompson metric:
By the invariant properties of the metric, we then have
for any X, Y ∈ P(N) and a nonsingular matrix M. Proceeding as in [] we prove the following lemma.
Lemma . For any A
Proof Without loss of generality we can assume that For arbitrarily chosen positive definite matrices X n-r , X n-(r-) , . . . , X n , consider the iterative sequence of matrices, given by 
